1. Introduction {#sec1}
===============

Globally, depression is a common mental disorder, with about 265 million people of all ages suffer from depression ([@bib34]). Depression is a principal cause of disability worldwide and is a leading contributor to the overall global burden of disease ([@bib8]). Patients with serious and persistent mental illness (SPMI) experience up to 20 years reduction in life expectancy compared with controls, even after controlling for the risk of accidents and suicide ([@bib10]; [@bib47]). The vast majority of these premature deaths are ascribed to physical health ailments, mainly increased risk for cardiovascular disease (CVD) ([@bib9]).

Understanding modifiable risk factors that mitigate or prevent premature mortality is, therefore, essential ([@bib54]). Among the general population, there is wealth of evidence that inadequate diet and excessive energy intake, along with unhealthy behaviours like alcohol, smoking, or substance abuse, and lack physical activity (PA) are associated with adverse physical health including certain types of cancers, CVD, and premature mortality ([@bib21]). This evidence supports the idea that population-tailored interventions that focus on lifestyle modifications are a keystone of health outcome determination ([@bib47]).

Patients with depression have a remarkably high prevalence of overweight and obesity, estimated up to four times compared with controls ([@bib3]; [@bib38]). Consequently, they have an increased burden of metabolic abnormalities, including type 2 diabetes, hyperlipidemia, hypertension, CVD, certain types of cancers, and musculoskeletal disorders (MSD) ([@bib31]; [@bib49], [@bib52]). Among patients with depression, obesity is an outcome of multifactorial variables, including unhealthy diets that are high in calories, carbohydrates and fats ([@bib47]) besides sedentary behaviour ([@bib46]; [@bib53]). Several studies have indicated to a decreased intake of healthy, nutrient-dense foods such as vegetables and fruits, with an above-average caloric intake from a diet rich in sugars and saturated fats; a matter that seems to disrupt in patients with schizophrenia ([@bib40]; [@bib44]). Patients with depression are at higher risk of being sedentary. According to two recent meta-analyses, depression patients also involved in less vigorous, moderate, and light, physical activities compared to their corresponding controls ([@bib46]; [@bib53]).

Latest research also indicates that psychotropic medications may exert a remarkable effect on weight gain, particularly those that are the first options of treatment for depression including specific serotonin selective reuptake inhibitors (SSRIs), tricyclic antidepressants (TCA\'s), and serotonin-norepinephrine reuptake inhibitors (SNRIs) ([@bib11]). Patients on psychotropic medications report decreased satiety, increased appetite, and increased cravings for sugary foods and sweetened beverages ([@bib17]). Smoking has been linked with depression in 50--80% of the patients; they are also less likely to stop smoking compared with controls ([@bib19]).

The 2019 Lancet Psychiatry Commission concluded that patients with depression are at higher risk for premature mortality and morbidity due to their unhealthy food choices, adverse effects from some offered treatments, and effects of their symptoms; thus, identifying advanced knowledge areas to reduce mortality and morbidity in this susceptible group of people is becoming a prioritized health issue ([@bib15]).

Investigating the previously published research unravels that investigators have mostly focused on the impact of a single lifestyle or dietary factor on the general health of depression patients in any given study, with no published works to date has comprehensively examined the possible interactions between different lifestyle and dietary behaviours of a single sample of patients in comparison with the control group and their impact on disease risk. Further, most of the published research had been executed in Western countries, with their distinct environmental contexts and cultural that uniquely affect the health outcomes of their mentally ill patients. Thus, the current research stems from the hypothesis that the presence of one or more lifestyle and dietary risk factors will raise the presence of comorbidities among depression patients. Accordingly, the current study was designed to characterize the lifestyle habits and dietary behaviours of patients with depression within Bahraini socio-cultural and environmental contexts, and to examine the effect of the presence of one or more lifestyle and dietary risk factors on the comorbidities among the cases with depression in comparison to sex- and age-matched controls.

2. Materials and methods {#sec2}
========================

2.1. Study design {#sec2.1}
-----------------

The study was planned, executed, and reported using the guidelines of the strengthening the reporting of observational studies in epidemiology (STROBE) statement ([@bib13]). The study was executed between March--December 2019, using a matched case-control design.

Recruitment of patients with depression took place in the Psychiatric Hospital, Ministry of Health, Manama, Kingdom of Bahrain, which is the national center for diagnosis, treatment, and rehabilitation of patients with mental illnesses. Controls were recruited from community health centres during routine examination/investigation visits.

Bahrain is a country with an area of less than 800 square kilometres and a population of 1.5 million. The majority of the population is Muslim and the official language is Arabic. According to the World Bank report, Bahrain is classified as a high-income country, the costs of healthcare account for approximately 5% of Gross Domestic Product ([@bib59]). Bahrain is part of the Eastern Mediterranean Region (EMR) health region ([@bib56]). Over the past three decades, Bahrain has undergone significant improvements in health care status, including increased life expectancy (\~75 years), reductions in child mortality, and the prevalence of communicable diseases ([@bib7]). Nonetheless, as people in Bahrain are living longer, the burden of chronic diseases, including mental disorders, are on the rise ([@bib27], [@bib28]).

2.2. Participants {#sec2.2}
-----------------

In our case-control study, the cases aged between 20-60 years, diagnosed with depression (major depressive disorder, single episode, unspecified) according to the International Statistical Classification of Diseases, 10^th^ Revision ([@bib60]). The 96 cases with depression were recruited using simple random sampling from the overall cases attending the out-patient department (OPD) clinics. Similarly, the control group was obtained by matching each case with one randomly selected corresponding control after being matched with demographic characteristics (sex and age) from the primary health care centres. Age matching was defined in this study by matching the year of birth. Exclusion criteria for cases were being pregnant/lactating women, the coexistence of depression with psychotic features or any other psychiatric comorbidity, those who were dieting, or recruited in lifestyle interventions studies or clinical trials. Exclusion criteria for the control group were being pregnant/lactating women, the presence of a positive history of psychiatric illness, and those who had been following a special diet during the past six months, or recruited in lifestyle interventions studies or clinical trials ([Figure 1](#fig1){ref-type="fig"}).Figure 1Flowchart depicting the recruitment procedure of the study participants. ∗The Psychiatric Hospital, Ministry of Health, Kingdom of Bahrain is the National Centre for Mental Health.Figure 1

2.3. Clinical assessments and data collection {#sec2.3}
---------------------------------------------

Collected information included basic sociodemographic variables, medical history, the validated Arabic version of International Physical Activity Questionnaire-Short Form (IPAQ-SF) ([@bib26]), psychiatric history for cases, smoking status, and dietary intake using a quantitative food frequency questionnaire (FFQ) covering 102 foods distributed on 38 items/groups.

### 2.3.1. Sociodemographic and anthropometric measurements {#sec2.3.1}

A structured data collection questionnaire was used to collect information from the participants during an interview, and anthropometric measurements (weight and height) were taken at that time. Weight was measured using digital scales with height rod attachment that was kept on a firm horizontal floor. Participants wore stood upright without shoes, light clothing, and their weights were recorded to the nearest 0.1 kg. Height was measured with the rod attached to the weighing scale to the nearest 1.0 cm. Body composition analysis was performed using a bioelectrical impedance technique (InBody 230 model: MW160, Seoul/Korea) that measured body mass (to the nearest 0.1 kg), fat mass, and body fat percentage. Body mass index (BMI) (kg/m^2^) was calculated accordingly and classified according to the World Health Organisation (WHO) categories of underweight, normal, overweight, or obese.

### 2.3.2. Physical activity measurement {#sec2.3.2}

The IPAQ-SF is a validated assessment tool for assessing PA among adults. We evaluated the past seven days\' recall, which assesses the frequency and duration of light-, moderate- and vigorous-intensity PA.

### 2.3.3. Dietary measurement {#sec2.3.3}

The FFQ was used to estimate the frequency of food consumption from the seven main food groups in our sample. Participants were asked how frequently, on average, during the past month they had consumed a standard serving of a specific food item in six categories (1 time/day, ≥2 times/day, 1--2 times/week, 3--6 times/week, 1--3 times/month, rarely or never). The responses on the frequent consumption of a specific serving size were standardized using food photographs to determine a standard unit for portions. Dietary intake assessed using the FFQ were analysed using nutrition and fitness software (ESHA Food Processor SQL, version 10.1.1, Salem, OR, USA). ESHA was used to estimate a gross mean of daily total energy intake, macro- and selected essential micronutrients.

We computed estimated energy requirement (EER) for each subject based on sex, age, weight, height, and PA level as per the Institute of Medicine\'s (IOM) formulas ([@bib22]).

### 2.3.4. Medical and psychiatric history {#sec2.3.4}

Medical information was collected for the participants from the National Health Information System, Bahrain. We focused on CVD, hypertension, diabetes type 2, and MSD as major outcomes. Beck Depression Inventory-II (BDI-II) is a 21-question multiple-choice inventory for assessing the severity of depression symptoms ([@bib5]). The validated Arabic version translation was used in the current research ([@bib39]).

2.4. Statistical analyses {#sec2.4}
-------------------------

Descriptive statistics were summarized for the demographic characteristics, lifestyle behaviours, and dietary intakes of the participants. The mean and standard deviation (SD) were used to report continuous variables, and count and percentage were used to report categorical variables. The study comprised a matched case-control analysis, and analytical statistics were conducted to figure out the association between lifestyle and dietary behaviours with the health outcomes. Logistic regression was performed, and the Odds ratio (OR) was calculated, and significance was considered at P value \< 0.05. All statistical analyses were performed using Stata 16.0 software.

2.5. Ethical considerations {#sec2.5}
---------------------------

The Research Ethics Committee/Ministry of Health, Kingdom of Bahrain approved the study (No.2018/REC/EF023). Written informed consent was sought from each participant before starting data collection. Participation was voluntary, with no monetary or non-monetary incentives.

3. Results {#sec3}
==========

3.1. Characteristics of the participants {#sec3.1}
----------------------------------------

A total of 192 participants (96 cases and 96 age- and sex-matched controls) were recruited in the current study. The mean age was 44 years for the cases and 42 years for the controls. Sex distribution was similar due to matching with approximately 40% being male and approximately 60% being female. [Table 1](#tbl1){ref-type="table"} shows the sociodemographic and anthropometric characteristics and general health status of the study participants. All the participants were affiliated to the Islam religion. In the current work, it was clear that where cases were including a significantly higher number of singles, divorced, and widows than controls. Further, the number of unemployed cases was significantly higher than the number in their corresponding controls.Table 1Differences in general sociodemographic and anthropometric characteristics, and general health status of the study participants.Table 1VariableCases, n = 96Controls, n = 96P-value∗∗Sex Male37 (38.54%)37 (38.54%)1.0 Female59 (61.46%)59 (61.46%)Age (year)44.13 ± 12.5742.47 ± 13.500.40Education Primary school27 (28.42%)12 (12.5%)0.001 High school40 (42.11 %)23 (23.96%) Associate diploma/B.Sc.25 (26.31%)50 (52.08%) Postgraduates3 (3.16%)11 (11.46%)Job status Employed/student27 (28.13%)69 (71.87%)0.001 Retired7 (7.29 %)15 (15.63 %) Housewife for women18 (18.75%)10 (10.42 %) Unemployed44 (45.83 %)2 (2.08%)Marital status Single31 (32.29%)17 (17.71%)0.001 Married48 (50%)73 (76.04%) Divorced15 (15.63%)2 (2.08%) Widow2 (2.08%)4 (4.17%)Weight (kg)76.36 ± 18.5875.16 ± 16.480.63Height (cm)162.68 ± 9.53164.73 ± 9.550.13BMI (kg/m^2^)28.99 ± 7.3227.44 ± 6.120.11BMI Classification Underweight4 (4.17 %)2 (2.08%) Normal26 (27.08 %)34 (35.42%) Overweight30 (31.25%)35 (36.46%) Obese36 (37.5 %)25 (26.04%)0.25Body fat percentage (%)35.38 ± 12.0332.67 ± 10.030.09Total body water percentage (%)35.98 ± 6.3536.08 ± 6.60.91Body surface area (m^2^)1.84 ± 0.241.85 ± 0.230.98Lean mass (kg)48.41 ± 8.0248.9 ± 8.380.68Fat mass (kg)27.94 ± 13.0226.26 ± 10.190.31Beck Depression Inventory-II (BDI-II) Mild13 (13.54%)NANA Moderate40 (41.67%) Severe43 (44.79%)Diabetes type 2∗∗∗26 (27.08%)7 (7.29%)0.001Hypertension∗∗∗27 (28.13%)11 (11.46%)0.004Cardiovascular problems∗∗∗6 (6.25%)7 (7.29%)0.78Musculoskeletal disorders∗∗∗39 (40.63%)24 (25%)0.020[^1][^2][^3][^4][^5]

All cases were regularly attending the outpatient department with a median of one visit/month for follow-up. According to BDI-II, about 85% of the cases were of moderate to severe depression. At the time of the study, all cases were on psychopharmacological treatment, 42% were on SSRIs, 35% were on SNRIs, 12% were on TCA, and the remaining 11% were on combined antidepressants therapy.

3.2. Health status of the participants {#sec3.2}
--------------------------------------

Using matched analysis controlling for sex and age, we found that the most common physical-health morbidities among the depression cases in comparison with the controls were: type 2 diabetes mellitus (OR 4.7, 95% CI 1.8--13.0), hypertension (OR 3.1, 95% CI 1.4--7.2), MSD (OR 2.0, 95% CI 1.1--4.0), and obesity (OR 1.7, 95% CI 0.9--3.3).

Compared with controls, cases with depression were significantly more likely to have one physical-health comorbidity (OR 2.9; 95% CI 1.6--5.7), two physical-health comorbidities (OR 2.6; 95% CI 1.3--5.3), and three or more physical-health comorbidities (OR 3.1; 95% CI 1.2--8.4).

3.3. Dietary intakes {#sec3.3}
--------------------

Intake frequency of 30 of the most frequently consumed food items is given in [Table 2](#tbl2){ref-type="table"}. Results of the FFQ showed that cases with depression generally reported higher food consumption for 11 items out of 30; these items were mostly energy-dense. Controls showed few items (six out of 30) to be of a higher intake frequency.Table 2Differences in frequency of food intake of the study participants.Table 2FoodCases, n = 96Controls, n = 96Chi^2^ (*X*^2^), P Value1 time/day2 + times/day1-2 times/week3-6 times/week1-3 times/monthRarely1 time/day2 + times/day1-2 times/week3-6 times/week1-3 times/monthRarelyWhite "Lebanese/Arabic" bread (30 g)14 (14.58%)35 (36.46%)19 (19.79%)17 (17.71%)1 (1.04%)10 (10.42%)31 (32.29%)19 (19.79%)17 (17.71)10 (10.42%)9 (9.38%)10 (10.42%)Chi^2^ = 19.48\
P = 0.002Brown "Lebanese/Arabic" bread (30 g)1 (1.06%)5 (5.32%)8 (8.51%)7 (7.45%)14 (14.89%)59 (62.77%)13 (13.54%)3 (3.13%)13 (13.54%)6 (6.25%)26 (27.08%)35 (36.46%)Chi^2^ = 21.76\
P = 0.001Biscuits, rusks, cookies (30 g)4 (4.35%)8 (8.7%)19 (20.65%)30 (32.61%)15 (16.30%)16 (17.39)13 (13.54%)7 (7.29%)38 (39.58%)12 (12.50%)11 (11.46%)15 (15.63%)Chi^2^ = 19.45\
P = 0.002Cereals, cereals bar (30 g/1 bar)08 (9.09%)3 (3.41%)18 (20.45%)14 (15.91%)45 (51.14%)10 (10.42%)3 (3.13%)13 (13.54%)4 (4.17%)23 (23.96%)43 (44.79%)Chi^2^ = 29.37\
P = 0.001Beef (steak or cubes) (150 g)01 (1.04%)18 (18.75%)23 (23.96%)23 (23.96%)31 (32.29%)3 (3.13%)3 (3.13%)35 (36.46%)7 (7.29%)26 (27.08%)22 (22.92%)Chi^2^ = 19.69\
P = 0.001Burgers, meatballs, minced meat (75 g)03 (3.13%)24 (25%)28 (29.17%)13 (13.54%)28 (29.17%)1 (1.04%)2 (2.08%)32 (33.33%)8 (8.33%)26 (27.08%)27 (28.13%)Chi^2^ = 17.80\
P = 0.001Chicken (all types of preparation) (150 g)5 (5.26%)15 (15.79%)44 (46.32%)24 (25.26%)2 (2.11%)5 (5.26%)19 (19.79%)7 (7.29%)37 (38.54%)25 (26.04%)5 (5.21%)3 (3.13%)Chi^2^ = 13.48\
P = 0.019Lamb, goat, deer, rabbit, lamb (150 g)01 (1.12%)12 (13.48%)20 (22.47%)22 (24.72%)34 (38.2%)2 (2.08%)1 (1.04%)15 (15.63%)4 (4.17%)17 (17.17%)57 (59.38%)Chi^2^ = 19.21\
P = 0.002Fish (150 g)2 (2.08%)5 (5.21%)39 (40.63%)25 (26.04%)16 (16.67%)9 (9.38%)8 (8.33%)4 (4.17%)40 (41.67%)25 (26.04%)9 (9.38%)10 (10.42%)Chi^2^ = 5.73\
P = 0.333Seafood (octopus, squid, shrimps) (150 g)01 (1.05%)11 (11.58%)23 (24.21%)31 (32.63%)29 (30.53%)01 (1.04%)10 (10.4%)3 (3.13%)31 (32.29%)51 (53.13%)Chi^2^ = 21.47\
P = 0.001Lentils, beans, chickpeas (150 g/1 cup)04 (4.21%)16 (16.84%)22 (23.16%)34 (35.79%)19 (20%)3 (3.13%)3 (3.13%)32 (33.33%)3 (3.13%)44 (45.83%)11 (11.46%)Chi^2^ = 26.32\
P = 0.001Fresh soup (250 ml/cup)4 (4.17%)4 (4.17%)17 (17.71%)16 (16.67%)22 (22.92%)33 (34.38%)5 (5.21%)1 (1.04%)26 (27.08%)6 (6.25%)31 (32.29%)27 (28.13%)Chi^2^ = 10.46\
P = 0.063Soup with pasta (e.g. noodles) (250 ml/cup)01 (1.04%)13 (13.54%)22 (22.92%)26 (27.08%)34 (35.42%)01 (1.04%)14 (14.58%)3 (3.13%)23 (23.96%)55 (57.29%)Chi^2^ = 19.61\
P = 0.001Rice (all types) (1 cup/medium plate))18 (19.15%)44 (46.81%)13 (13.83%)11 (11.70%)3 (3.19%)5 (5.32%)63 (65.63%)3 (3.13%)8 (8.33%)12 (12.5%)8 (8.33%)2 (2.08%)Chi^2^ = 65.54\
P = 0.001Boiled potatoes, mashed potatoes (1 medium)1 (1.08%)6 (6.45%)20 (21.51%)22 (23.66%)10 (10.75%)34 (36.56%)5 (5.21%)3 (3.13%)26 (27.08%)8 (8.33%)36 (37.5%)18 (.75%)Chi^2^ = 30.56\
P = 0.001French fries regular portion4 (4.26%)2 (2.13%)18 (19.15%)28 (29.79%)16 (17.02%)26 (27.66%)5 (5.21%)3 (3.13%)24 (25%)13 (13.54%)39 (40.63%)12 (12.5%)Chi^2^ = 21.41\
P = 0.001Fresh Vegetables (any kind) (1 piece)17 (17.71%)36 (37.50%)16 (16.67%)15 (15.63%)5 (5.21%)7 (7.29%)33 (34.38%)20 (20.83%)16 (16.67%)14 (14.58%)10 (10.42%)3 (3.13%)Chi^2^ = 12.99\
P = 0.023Fresh Fruits (any kind) (1 piece)18 (18.95%)31 (32.63%)18 (18.95%)16 (16.84%)9 (9.47%)3 (3.16%)32 (33.33%)29 (30.21%)18 (18.75%)12 (12.50%)4 (4.17%)1 (1.04%)Chi^2^ = 7.47\
P = 0.188Dried fruits (¼ cup)1 (1.06%)3 (3.19%)2 (2.13%)9 (9.57%)19 (20.21%)60 (63.83%)14 (14.58%)5 (5.21%)10 (10.42%)9 (9.38%)24 (25%)34 (35.42%)Chi^2^ = 24.85\
P = 0.001Dried nuts, nuts (¼ cup)012 (12.63%)13 (13.68%)25 (26.32%)28 (29.47%)17 (17.89%)15 (15.63%)10 (10.42%)24 (25%)9 (9.38%)31 (32.29%)7 (7.29%)Chi^2^ = 30.29\
P = 0.001Yoghurt complete or light (170 g)6 (6.38%)17 (18.09%)19 (20.21%)24 (25.53%)10 (10.64%)18 (19.15%)19 (19.79%)6 (6.25%)36 (37.50%)12 (12.5%)15 (15.63%)8 (8.33%)Chi^2^ = 26.10\
P = 0.001Cream cheese "Glasses" (25 g)7 (7.37%)22 (23.16%)20 (21.05%)20 (21.05%)4 (4.21%)22 (23.16%)21 (21.88%)6 (6.25%)28 (29.17%)12 (12.50%)17 (17.71%)12 (12.5%)Chi^2^ = 30.46\
P = 0.001Feta, white cheese, hard cheese (25 g)3 (3.16%)7 (7.37%)16 (16.84%)18 (18.95%)24 (25.26%)27 (28.42%)13 (13.54%)8 (8.33%)31 (32.29%)11 (11.46%)17 (17.71%)16 (16.67%)Chi^2^ = 16.79\
P = 0.005Egg (boiled, fried, omelette) (1 medium egg)3 (3.16%)6 (6.32%)30 (31.58%)42 (44.21%)8 (8.42%)6 (6.32%)12 (12.5%)4 (4.17%)53 (55.21%)14 (14.58%)11 (11.46%)2 (2.08%)Chi^2^ = 28.64\
P = 0.001Pies (e.g. cheese pie, spinach pie) (1 pie)02 (2.08%)18 (18.75%)35 (36.46%)20 (20.83%)21 (21.88%)6 (6.25%)2 (2.08%)31 (32.29%)9 (9.38%)28 (29.17%)20 (90.83%)Chi^2^ = 26.17\
P = 0.001Ice cream, milk shake, pudding (1 scoop)4 (4.17%)7 (7.29%)18 (18.75%)22 (22.92%)19 (19.79%)26 (27.08%)3 (3.13%)4 (4.17%)27 (28.13%)8 (8.33%)35 (36.46%)19 (19.79%)Chi^2^ = 15.12\
P = 0.010Honey, jam (10 ml)7 (7.37%)6 (6.32%)12 (12.63%)14 (14.74%)19 (20%)37 (38.95%)11 (11.46%)6 (6.25%)20 (20.83%)5 (5.21%)35 (36.46%)19 (19.79%)Chi^2^ = 17.67\
P = 0.003Olives (10 drupes)3 (3.13%)8 (8.33%)10 (10.42%)22 (22.92%)22 (22.92%)31 (32.29%)10 (10.42%)3 (3.13%)26 (27.08%)12 (12.50%)20 (20.83%)25 (26.04%)Chi^2^ = 16.83\
P = 0.005Chocolate (any type) (60 g)2 (2.08%)16 (16.67%)14 (14.58%)23 (23.96%)12 (12.50%)29 (30.21%)17 (17.71%)6 (6.25%)28 (29.17%)14 (14.58%)19 (19.79%)12 (12.5%)Chi^2^ = 31.87\
P = 0.001Chips packs, popcorn (70 g)6 (6.25%)13 (13.54%)12 (12.50%)22 (22.92%)13 (13.54%)30 (31.25%)18 (18.75%)8 (8.33%)19 (19.79%)9 (9.38%)25 (26.04%)16 (16.67%)Chi^2^ = 23.27\
P = 0.001

The intake frequency of eight main frequently consumed beverages was also assessed and is given in [Table 3](#tbl3){ref-type="table"}. Depression cases showed different consumption patterns of beverages compared to controls.Table 3Beverages frequency intake of study participants.Table 3BeverageCases, n = 96Controls, n = 96Chi^2^ (*X*^2^), P Value1-2 times/day3-4 times/day5 times/day1-2 times/week3-6 times/weekRarely/never1-2 times/day3-4 times/day5 times/day1-2 times/week3-6 times/weekRarelyFruit juice (Packs) 1 cup/pack10 (10.42%)5 (5.21%)23 (23.96%)13 (13.54%)24 (25%)20 (20.83%)37 (38.54%)5 (5.21%)032 (33.33%)9 (9.38%)13 (13.54%)Chi^2^ = 55.83\
P = 0.001Soft (carbonated) drinks 1 can4 (4.17%)3 (3.13%)9 (9.38%)16 (16.67%)8 (8.33%)56 (58.33%)13 (13.54%)2 (2.08%)2 (2.08%)22 (22.92%)5 (5.21%)52 (54.17%)Chi^2^ = 11.20\
P = 0.047Milk, milk shake 1 glass3 (3.13%)3 (3.13%)33 (34.38%)14 (14.58%)16 (16.67%)27 (28.13%)33 (34.38%)2 (2.08%)3 (3.13%)29 (30.21%)7 (7.29%)22 (22.92%)Chi^2^ = 59.46\
P = 0.001Coffee in a cup (e.g. Americano) 1 cup2 (2.08%)3 (3.13%)12 (12.50%)12 (12.50%)8 (8.33%)57 (59.38%)25 (26.04%)3 (3.13%)1 (1.04%)15 (15.63%)2 (2.08%)50 (52.08%)Chi^2^ = 35.29\
P = 0.001Arabic Coffee 1 shot2 (2.08%)5 (5.21%)4 (4.17%)5 (5.21%)23 (23.96%)57 (59.38%)22 (22.92%)3 (3.13%)1 (1.04%)24 (25%)6 (6.25%)40 (41.67%)Chi^2^ = 44.35\
P = 0.001Tea, other herbal teas 1 cup18 (18.75%)17 (17.71%)35 (36.46%)4 (4.17%)7 (7.29%)14 (14.58%)42 (43.75%)12 (12.50%)5 (5.21%)13 (13.54%)5 (5.21%)19 (19.79%)Chi^2^ = 39.81\
P = 0.001Isotonic/energy drinks 1 glass002 (2.08%)06 (6.25%)86 (89.58%)1 (1.04%)006 (6.25%)089 (92.71%)Chi^2^ = 17.05\
P = 0.004Alcoholic drinks (e.g. wine, beer, whisky) 1 unit0000096 (100%)0000096 (100%)NA

[Table 4](#tbl4){ref-type="table"} shows the average daily intakes of energy, macro- and selected micro-essential nutrients for the study participants. Cases showed statistically significantly higher intakes of energy, protein, fats, saturated fats, monounsaturated fats, polyunsaturated fats, cholesterol, riboflavin, vitamin E, iron, zinc, calcium, and potassium.Table 4Average daily intakes of energy, macro- and selected essential micro-nutrients for the study participants.Table 4NutrientCases, n = 96∗Controls, n = 96∗DRIs∗∗P-Value∗∗∗Energy (Kcal)2650.4 ± 883.782266.63 ± 520.12000--25000.001Protein (g)109.30 ± 38.2187.04 ± 24.56560.001Carbohydrates (g)275.39 ± 104.37269.56 ± 64.451300.642Fibres (g)20.85 ± 14.6618.03 ± 6.59380.088Fats (g)72.0 ± 26.9958.94 ± 18.03ND0.001Saturated fats (g)34.72 ± 1326.35 ± 8.52ND0.001Monounsaturated fats (g)24.21 ± 10.1819.33 ± 6.2ND0.001Polyunsaturated fats (g)17.02 ± 814.7 ± 6.4ND0.027*Trans*-fats (g)0.36 ± 0.220.40 ± 0.35ND0.396Cholesterol (mg)360.24 ± 148.2232.29 ± 86.95ND0.001Omega-3 (g)0.82 ± 0.510.75 ± 0.351.590.249Omega-6 (g)10.47 ± 6.289.16 ± 4.78150.106Thiamine, B~1~ (mg)1.42 ± 0.561.45 ± 0.51.20.746Riboflavin, B~2~ (mg)1.59 ± 0.561.43 ± 0.461.30.045Niacin (mg)20.38 ± 7.7518.93 ± 6.53150.164Vitamin B~6~ (mg)2.07 ± 0.832.11 ± 0.561.70.738Vitamin B~12~ (μg)3.08 ± 2.313.16 ± 2.082.50.821Vitamin C (mg)90.84 ± 58.83113.7 ± 63.14900.010Vitamin D (IU)80.84 ± 64.6487.15 ± 65.984000.504Vitamin E (mg)3.03 ± 1.642.57 ± 1.36100.034Folic Acid (μg)431.05 ± 200.78423.48 ± 218.84000.803Vitamin A (IU)993.98 ± 400.36807.46 ± 260.59000.418Beta-carotene (μg)1915.05 ± 944.521809.83 ± 848.715000.518Iron (mg)39.28 ± 17.8131.47 ± 12.2180.001Magnesium (mg)319.53 ± 187.18336.92 ± 155.234200.485Selenium (μg)64.43 ± 25.0457.94 ± 21.791000.057Zinc (mg)9.52 ± 4.227.65 ± 2.66110.001Calcium (mg)665.27 ± 313.64637.5 ± 279.2912000.001Sodium (mg)2136.25 ± 867.111699.6 ± 625.115000.074Phosphorous (mg)913.2 ± 305.9839.28 ± 261.87000.254Potassium (mg)3185.83 ± 1163.53020.6 ± 805.547000.001Alcohol (g)0 ± 00 ± 0NDNACaffeine (mg)164.35 ± 182.51239.89 ± 275.7ND0.001[^6][^7][^8][^9]

3.4. General dietary habits, smoking, alcohol intake, caffeine intake, and PA {#sec3.4}
-----------------------------------------------------------------------------

General dietary habits, smoking, alcohol intake, caffeine intake, and PA are presented in [Table 5](#tbl5){ref-type="table"}. Cases with depression appeared more likely to skip meals with 34.4% consuming less than three meals, compared to only 23.9% of controls. The prevalence of smoking was approximately four-times higher among cases with depression; with 37.2% were current tobacco smokers, compared with 10.4% of the controls. Neither the cases nor the controls were drinking alcohol; this is perhaps attributed to religion and Islamic laws that prohibit alcohol. Caffeine intake was significantly lower among cases, especially those of excessive intake pattern; approximately 11% of cases consumed ≥400 mg/day, compared to approximately 30% of controls.Table 5Differences in average values for general dietary behaviours, smoking, and physical activity practiced per week, and daily sleeping hours of the study participants.Table 5VariableCases n = 96Controls n = 96P-Value∗Number of meals/day Less than 3 meals33 (34.4%)23 (24%)0.20 Three meals52 (54.2%)64 (66.7%) More than 3 meals11 (11.5%)9 (9.48%)Alcohol intake (regular intake)0 (0%)0 (0%)NACaffeine intake (≥400 mg/day)11 (11.5%)28 (29.5%)P = 0.003∗Smoking35 (37.2%)10 (10.4%)P = 0.001∗Vigorous intensity PA (minutes/day)3.23 ± 14.1612.84 ± 29.39P = 0.004∗Vigorous intensity (times/week)0.22 ± 1.130.91 ± 1.88P = 0.002∗Moderate intensity PA (minutes/day)4.43 ± 13.476.04 ± 19.67P = 0.508Moderate intensity (times/week)0.74 ± 2.040.52 ± 1.63P = 0.412Light intensity PA (minutes/day)23.28 ± 31.0129.32 ± 26.39P = 0.148Light intensity PA (times/week)2.66 ± 2.784.21 ± 2.75P = 0.001∗Sitting (minutes/day)228.35 ± 169.8596.62 ± 94.44P = 0.001∗Sitting intensity (times/week)6.94 ± 0.615.5 ± 2.28P = 0.001∗Vigorous intensity PA (MET minutes/week)103.33 ± 542.73374.83 ± 1004.93P = 0.021∗Moderate intensity PA (MET minutes/week)138.93 ± 462.53150.96 ± 540.16P = 0.869Light intensity PA (MET minutes/week)378.98 ± 628.48508.75 ± 494.82P = 0.114Total PA (MET minutes/week)621.25 ± 1013.911034.55 ± 1385.72P = 0.019Total MET activity categories Inactive65 (67.71%)47 (48.96%)P = 0.023 Minimally active26 (27.08%)44 (45.83%) Hyper? active5 (5.21%)5 (5.21%)[^10][^11][^12]

The mean duration of PA/week and the metabolic equivalent for task (MET) (in minutes/week) at various intensity levels are shown for the cases and controls in [Table 5](#tbl5){ref-type="table"}. Cases with depression appeared to have a similar PA activity level of controls for moderate-intensity PA, and light intensity. Controls spent more time in vigorous-intensity PA, and cases spent more time sitting. The overall assessment of PA revealed that more cases are inactive compared to controls, approximately 68% vs. 49%, respectively.

3.5. Association between dietary and lifestyle behaviours and disease morbidities in cases {#sec3.5}
------------------------------------------------------------------------------------------

Using logistic regression, the associations between the predictive variables of lifestyle behaviours (excessive caloric intake, PA, and smoking) and outcome variables having: one medical comorbidity, two medical comorbidities, or three or more medical comorbidities after adjusting for age and sex are shown in [Table 6](#tbl6){ref-type="table"}. The first and third models (outcome one medical comorbidity and outcome three or more medical comorbidities) showed that no variable predicted the outcome. The second model (outcome two medical comorbidities) showed that smoking was statistically significant (*P* = 0.005) a risk factor. For the controls, age and female sex were the main risk factors in predicting one-, two-, and three or more-comorbidities ([Table 6](#tbl6){ref-type="table"}).Table 6The association between lifestyle behaviours and medical comorbidities in the study participants.Table 6Independent variableDependent variable1 comorbidity2 comorbidities≥3 comorbiditiesORP-vale95% CIORP-vale95% CIORP-vale95% CI**Cases with depression (n = 96)**Age1.090.001(1.04--1.14)1.100.001(1.05--1.16)1.090.001(1.03--1.15)Sex3.810.05(1--14.50)6.870.01(1.66--28.42)3.450.07(0.89--13.34)Smoking3.210.12(0.74--13.87)8.630.01(1.93--38.50)1.440.60(0.37--5.66)Inadequate physical activity (inactivity)∗0.430.15(0.14--1.37)0.460.18(0.15--1.45)1.031(0.31--3.38)Excessive caloric intake∗∗0.380.18(0.09--1.54)1.280.68(0.39--4.14)1.260.72(0.36--4.41)**Controls (n=96)**Age1.130.001(1.08--1.19)1.170.001(1.09--1.25)1.100.01(1.03--1.17)Sex1.970.33(0.51--7.56)4.500.08(0.83--24.53)3.451-Smoking0.800.82(0.12--5.54)1.680.74(0.79--35.99)3.541-Inadequate physical activity (inactivity)∗0.770.64(0.25--2.35)1.100.90(0.26--4.59)1.370.73(0.23--8.08)Excessive caloric intake∗∗0.820.72(0.28--2.42)0.380.21(0.085--1.73)0.830.83(0.15--4.72)[^13][^14][^15]

4. Discussion {#sec4}
=============

The findings of the current study show that patients with depression have a significantly higher prevalence of smoking, marked unhealthy dietary intake, and decreased PA compared with controls. Such factors were significantly associated with several comorbidities, and patients with depression appeared to be at increased risk for medical conditions such as obesity, diabetes type 2, hypertension, and MSD. Interestingly, the prevalence of CVD was the same in both cases, with depression and controls. Cases with depression were more at risk of having up to three or more physical-health conditions compared with controls.

From public health perspective, our research highlights the poor lifestyle choices of patients with depression. For example, one-third of our cases were current smokers. Previous research consistently showed that patients SPMI are three times more likely to be smokers than controls ([@bib24]; [@bib25]). Smoking increases the risk of smoking-related health complications and premature death, including death from CVD and some cancers ([@bib36]). Programs to prevent or aid patients to quit smoking need to be activated in psychiatric care settings.

Nutrition plays a fundamental role in the development and progression of depression This relationship takes two-directional effects; that depression adversely affect the dietary behaviours, while the unhealthy, proinflammatory food choices would trigger the inflammation-related changes associated with depression ([@bib1]; [@bib4]).

Excessive caloric intake was also found to be more prevalent in cases with depression compared to controls; which is found to be associated with an increased risk of overweight and obesity. Numerous studies among the general population have associated different measures of adiposity and excess body weight with an increased morbidity, mortality and disability from diabetes type 2, CVD, certain types of cancers, chronic kidney disease, and musculoskeletal disorders ([@bib18]; [@bib32]; [@bib48]). Further, excessive caloric intake has been linked with increased bodily inflammation, with the latter has reported as one of the etiopathogenesis factors that underground the development of depression ([@bib44]; [@bib57]). The larger intake of total calories and macronutrients by depression patients in the current study is consistent with the findings of a large-scale study on a total of 69,843 subjects from the UK. In that study, multivariable linear regression on 14,619 individuals diagnosed with major depressive disorders (MDD) revealed that the MDD sample showed significantly greater (all p \< 0.001) age- and gender-adjusted intake in comparison to controls, for total energy, total fat, saturated fat, carbohydrates, sugar, and protein, along with a small difference in dietary fibre intake ([@bib16]).

The reported higher intakes by of depression cases for processed meats, refined carbohydrates, and energy-dense foods goes in line with the findings of one large-scale study by Lucas and colleagues who examined the association between an "inflammatory dietary pattern" and depression in women from the Nurses\' Health Study (*n* = 43,685) ([@bib35]) They found that the inflammatory dietary pattern was characterized by high intakes of refined grains, red meat, margarine, and soft drinks, and as well as low intakes of green and yellow vegetables, olive oil, coffee, and wine. This Westernized dietary pattern was associated with the inflammatory biomarkers\' tumor necrosis factor alpha (TNF- α), IL-6 and CRP. These findings led to the conclusions that the inflammatory dietary pattern is significantly associated with an increased risk for the development of depression, suggesting that inflammation may underlie the diet-depression relationship ([@bib35]).

Comparing dietary patterns of depressed patients versus healthy people received few highlights in the research literature. Few studies focused on patients with a clinical diagnosis of depression made against established diagnostic criteria (e.g., ICD-10). Previous research showed that intakes of patients with depression were similar to those reported in the National Nutrition Surveys ([@bib20]). Patients with depression also appeared to be less likely complying with the recommended daily intake of fruits and vegetables ([@bib58]). Results of a recent meta-analysis also showed that low intakes of whole grain, fish, olive oil, low-fat dairy, and antioxidants and low intakes of animal foods are associated with depression ([@bib33]).

Close examination of the energy, macro- and selected essential micro-nutrients for the study participants reveals that patients with depression depend more on energy-dense diets than controls, with more focus on fats and protein. These results are in line with previous work on depression patients, where depression was found to lead to changes in dietary patterns, including eating comfort foods, which tend to be calorie-dense foods high in sugar and fat ([@bib14]).

In our study, alcoholic beverages items were not regularly consumed by patients; this is perhaps because alcohol is considered haram (prohibited or sinful) by Muslims. An interesting finding was that the caffeine intake of patients with depression was significantly less in cases with depression compared to controls. While one explanation is that coffee and caffeine consumption were significantly associated with decreased risk of depression ([@bib23]; [@bib55]). A more plausible explanation is that patients with depression intentionally reduce their caffeine intake as a practical measure to reduce their troubles with insomnia.

Physical inactivity was more prevalent among cases with depression; overall, two-third of the cases did not meet the minimum recommendation for PA. Furthermore, patients with depression had a significantly lower MET minute/week compared to controls (621 and 1034 MET minutes/week, respectively). Several meta-analyses documented that patients with depression are at increased risk of engaging in high levels of sedentary behaviours ([@bib46]; [@bib50]). Nonetheless, patients with depression appeared to be more active compared to patients with schizophrenia ([@bib29]; [@bib50]).

Among patients with depression, the most significant fraction of the causes of sedentary behaviour were mobility limitations, followed by impairments in sleep or lethargy, pain/or discomfort, social anxiety, disability, cognitive problems, and sensory problems ([@bib46]). More actions are needed prevent discrimination and reduce stigma of mental illness and ensure equitable access to all aspects of healthcare for those with SPMI.

Previous research emphasized the burden of CVD among cases with depression ([@bib9]; [@bib45]; [@bib51]). Nonetheless, our findings showed that the prevalence of CVD among cases with depression was similar to those of controls. We explain that previous research focused on older adults and the elderly, while our research focused on middle-aged patients. It must be, however, highlighted that the risk factors for CVD among cases were statistically significant compared to controls, particularly diabetes type 2, hypertension, and increased BMI. This has significant clinical implications in the sense that for best protective results, lifestyle modifications should be well-timed and offered as comprehensive interventions to address various components. Thus, we recommend that offering smoking cessation therapy, exercise education, and nutritional interventions by qualified health-care professionals should be prioritized in daily clinical practice to maintain an active lifestyle by the patient with depression and other SPMI ([@bib27]).

Our study aimed to identify key behavioural risk factors for depression, the results suggests that concurrently considering multiple lifestyle factors is more appropriate in understanding and managing risk factors for physical health comorbidities. Such transdiagnostic, multifactorial approaches have not been widely reflected in the published literature, which generally focuses on specific factors for individual disorders ([@bib15]).

Thus, to comprehensively promote or maintain the physical health of people with depression and other SPMI, the development of sensitive, reliable and time-efficient tools for life screening is needed. These tools need to be holistic and comprehensive covering exercise, diet, substance use, sleep; and sexual health at on go. The use of online tools and mobile based applications might be worthy to examine.

Mounting research highlighted the role of diet and inflammation in the initiation or progression of mental health illness including depression ([@bib2]; [@bib12]; [@bib35]; [@bib37]; [@bib41]; [@bib43]; [@bib44]; [@bib62]). It is believed that those living with depressive symptoms and eating a pro-inflammatory diet, possibly due to the depressive symptoms, may be putting themselves at increased risk for future mental illness ([@bib57]). This relationship is supported by the fact that depression has been associated with inflammation-related conditions such as cardiovascular disease (CVD), cancer, stroke, and diabetes ([@bib6]; [@bib30]; [@bib42]; [@bib61]); findings that are confirmed in our current research Thus, further research is needed to figure out how dietary inflammation (as measured by dietary inflammatory indices) correlates with the presence of depression in our case-control study.

5. Strengths and limitations {#sec5}
============================

The main strength of the current study is that the research was done on a clinical sample of depression, where the diagnosis was made against the ICD-10 criteria. The other strength of the current research stems from the nature of comprehensive assessments of the significant lifestyle behaviours, including dietary and alcohol intakes, PA, and smoking in one sample.

One limitation of the current research is that we included patients who were regularly attending OPD facilities; this perhaps might not be generalizable to those who were not adherent to their therapy and follow-ups. Also, because the study did not initially focus on CVD, we did not have information on several biological CVD markers, including lipid abnormalities, inflammation, and elevated blood pressure. Future research is encouraged to include biomarkers to assess the association between lifestyle factors and those pointers. Pharmacological studies to determine if adverse health behaviours or outcomes were associated with any specific classes of antidepressant medications in our population are needed in the future. Finally, as with any case-control study recall bias might be an issue when self-reporting lifestyle factors.

6. Conclusion {#sec6}
=============

Patients with depression had a higher prevalence of smoking, excessive dietary intakes, and decreased physical activity compared with their corresponding age- and sex-matched controls. Patients with depression appeared to be at higher risk for developing chronic medical conditions such as obesity, type 2 diabetes, hypertension, and MSD.
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[^1]: ∗ Mean ± SD or n(%).

[^2]: ∗∗ *t*-test or Pearson\'s/McNemar\'s Chi^2^ test.

[^3]: ∗∗∗ Diagnosis according to ICD-10.

[^4]: Cardiovascular disease included: angina, myocardial infarction, stroke, heart failure; cardiomyopathy, heart arrhythmia, carditis, and venous thrombosis.

[^5]: Musculoskeletal disorders included: osteoarthritis, gout, rheumatoid arthritis, fibromyalgia, plantar fasciitis, heel spurs, and tendonitis.

[^6]: ∗Mean ± SD.

[^7]: ∗∗Dietary Reference Intakes, Food and Nutrition Board, Institute of Medicine (Ref).

[^8]: ∗∗∗Difference between cases and controls.

[^9]: ND -- Not Defined.

[^10]: ∗Significant P \< 0.05.

[^11]: PA = Physical activity.

[^12]: MET = Metabolic Equivalent Task.

[^13]: ∗ \<600 MET-min/week or \<150 min/week.

[^14]: ∗∗ Excessive caloric intake = actual caloric intake ≥ estimated energy requirement (EER).

[^15]: Multiple logistic regression -- adjusting for age and sex.
